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ILD classification and pathogenesis 
Molecular advances 

 

•Genetic analysis 

•Gene expression profiling 

•Molecular biology 

•Molecular morphology 

•Experimental studies 



Etio-pathogenic comprehensive model for IPF:  

matching clinical, pathological and imaging features 

 Age 

Smoke 

Lower-posterior lobes 

 

Familial vs sporadic 

Exacerbations 

Molecular features  

 

Remodelling 

fibroblast foci 

honeycombing 

 



What’ s happening here ? 



Ὀρέστεια 

The Oresteia trilogy of Greek tragedies written by Aeschylus 

 

1. Ἀγαμέμνων  (Agamennon) 

2. Χοηφόροι, Choēphoroi  (the libation bearers) 

3. Εὐμενίδες (Eumenides) 

IPF pathogenesis : a tragic trilogy 



1. 

2. 

3. 

Aberrant signaling 

Abnormal remodelling 

End-stage lung 

Alveolar loss 
The Victim   

Grief and Revenge 

The Consequences 



Am J Respir Crit Care Med Vol 181. pp 254–263, 2010 

The Victim 

Pneumocyte 

Laminin 5g2 

https://www.google.it/imgres?imgurl&imgrefurl=http%3A%2F%2Fit.wikipedia.org%2Fwiki%2FAgamennone&h=0&w=0&tbnid=U-XKNSiBxxB3QM&zoom=1&tbnh=226&tbnw=223&docid=Izm10Dzkg9so1M&hl=it&tbm=isch&ei=yi2gU6nWLMbJOeLwgbAG&ved=0CAIQsCUoAA


IPF 
Epithelial Stem cell 

exhaustion 

Aging 
Replicative senescence 

and Telomere attrition    

 

Genetic 
Surfactant gene mutations 

Endoplasmic reticulum stress 

 

Smoking, pollutions: 
Oxidative stress, ROS, NOX4 

 

 

Anatomy 

Mechanical stress 

 



 Am J Respir Crit Care Med. 2008 Oct 1;178(7):663-5. Idiopathic 

pulmonary fibrosis: a disorder of lung regeneration?  

Thannickal VJ, Loyd JE. 



p16INK4B Surf-Prot-A1 

IPF 

Cell senescence marker  expression in AECII  



Markers of senescence 

Mitogenic stimuli 

Cigarette 

smoke 



Proc Am Thorac Soc Vol 8. pp 158–162, 2011 

Telomere 

dysfunction: 

senescence 

Endoplasmic reticulum 

stress (unfolded 

proteins) 

Epithelial stem cell 

exhaustion 



2. Multifactorial/complex pathogenesis:  genetic predisposition, cell 

senescence, stem cell exhaustion 

 

 

- pediatric ILD (Surfactant-PB or PC-deficiency, ABCA3 mutation, 

NKX2-1 mutations) 

 

-  familial IPF (TERT, TERC, SP-A2, SP-C, ABCA3, pro-MUC5B 

rs35705950 polymorphism) 

- Dyskeratosis congenita with pulmonary involvement (telomeropathy) 

 

-  Idiopatic pulmonary fibrosis - IPF/CPFE   

 - genetic features:  rare: surfactant SPA2 and SPC, ABCA3 mutations,  

  

    frequent:  pro-MUC5B rs35705950 polymorphism, 

 - molecular features: telomere shortening, WNT-pathway activation , 

EMT, etc.) 

 

Chilosi M, USCAP 2013, San Diego 



IPF 
Epithelial Stem cell 

exhaustion 

Aging 
Replicative senescence 

and Telomere attrition    

 

Genetic 
Surfactant gene mutations 

Endoplasmic reticulum stress 

 

Smoking, pollutions: 
Oxidative stress, ROS, NOX4 

 
 

Anatomy 

Mechanical stress 

 





Maximal alveolar  

deformation 



Mechanical stress 

Mechanical cues 

WNT-b-catenin 

TAZ 



Chilosi et al. Am J Pathol ;162: May 2003 



J Clin Invest 2009;119:772–787. 

  Proc Natl Acad Sci U S A. 2010 Aug 10;107(32):14309-14 

PLoS One. 2008 May 14;3(5):e2142 

WNT  

up-regulation  

in IPF  



b-catenin 
Å Cyclin-D1 
Å MMP7 
Å c-myc  

Proliferation 
Apoptosis 

b-catenin nuclear accumulation in type-II pneumocytes  

J Biol Chem. 2003 Oct 10;278(41):40231-8.  

b-Catenin is required for specification of proximal/distal cell fate during lung 

morphogenesis. Mucenski ML, Wert SE, Nation JM, Loudy DE, Huelsken J, Birchmeier W, Morrisey EE, 

Whitsett JA. Division of Pulmonary Biology, Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio 45229-3039, USA.  

WNT-pathway 

EMT 



EMT and embriogenesis 





OIS  SASP 

Grief and Revenge 

Oreste 



• beta-catenin is an oncogene  

• can trigger cell senescence by OIS, 

• can amplify in a vicious circle aberrant signaling and SASP 

SASP 



The secretory phenotype of 

senescent cells 





OIS and SASP  in IPF 

B-Catenin   
oncogenic induction of SASP  

Mesenchymal precursors 

 

Recruitmant/proliferation 

and differentiation 
Epithelial bronchiolar precursors 

(basal cells) 

Proliferation, invasive phenotype 
Mesenchymal overgrowth 

Fibrosis, neo-angiogenesis 

Smooth-muscle hyperplasia 

Adipocyte metaplasia  Bronchiolization 

Bronchiolar dysplasia 

Honeycombing 

Inflammatory cells 

PMN, 

Macrophages, 

Mastocytes,  

TH2-lymphocytes 

B-follicles 

Frustrated 

pneumocyte 

repair 



b a 

e 

Chilosi et al. Am J Pathol ;162: May 2003 



IPF 
 

- nuclear expression of    beta-

Catenin in proliferative bronchiolar 

lesions and honeycoming. 

 

- abnormal expression of WNT-

target proteins  

(MMP7, cyclin-D1) 

in bronchiolar basal cells 

Chilosi et al. Am J Pathol ;162: May 2003 







EMBO reports VOL 11 | NO 9 | 2010  



IPF 

Tubb3 + twist Tubb3-p63 

Chilosi et al, in preparation 



IPF 
Tubb3  + ZEB1 

Chilosi et al, in preparation 
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HSP27 

Laminin-5g2 



Lab Invest. 2002 Oct;82(10):1335 -45.  
Abnormal re-epithelialization and lung remodeling in idiopathic pulmonary fibrosis: the role of deltaN -p63.  
Chilosi M, Poletti V, Murer B, Lestani M, Cancellieri A, Montagna L, Piccoli P, Cangi G, Semenzato G, Doglioni C.  
  

DN-p63 



Bronchiolar dysplasia in IPF: molecular features 
 

Chilosi et al, in preparation 

Tubb3  + ZEB1 

Tubb3 + p63 

Hyper-expression 
•N-beta-Catenin 

•Laminin-5g2 

•Hsp27 

•Tubb3 

•P63 

•ZEB1 

•MUC5B 

•S100A4 

•Fascin 

•C-Myc 

•MMP7 

•K14 

Under-expression 
•SOX2 

•MUC5AC 

 



DAD/ARDS 

CK5 

Absence of bronchiolar proliferation 

 

Ficial M, Antonaglia C, Chilosi M, Santagiuliana M, Tahseen AO, Confalonieri D, Zandonà L, Bussani R, Confalonieri M. Keratin-14 expression 

in pneumocytes as a marker of lung regeneration/repair during diffuse alveolar damage. Am J Respir Crit Care Med. 2014 May 1;189(9):1142-5. 



PLoS ONE 2013, 8(3): e58658.  

Seibold MA, et al. N Engl J Med 2011;364:1503-12. 

Thorax. 2011 Aug;66(8):651-7. 



IPF: abnormal mucin5 expression in  

Honeycomb cysts 

MUC5B MUC5AC 



CK5/sox2 

Normal  bronchiole 

Sox2 is lost in micro-honeycombing 

Chilosi et al., in preparation 







MUC5B MUC5AC 



pleura 

bronchioles 



Surfactant SPA 

TAp63 

C-Myc 

DN-p63 CK5 

Renewal strategies in bronchiolar and alveolar epithelia are different 

telomerase 

AECII 

AEC-I 

Rigged game 

b-catenin 



cyclin-D1 

c-myc 

Proliferation MMP7 
LAM5g2 
HSP27 

Cell-motility  

apoptosis 
Alveolar pneumocytes  

Bronchiolar basal cells 

DN-p63 

P53 

p21waf1 

TA-p63 

P53 

P21waf1 

p16 

b-catenin 
as transcription factor 



Remodeling 

Honeycombing 

Normal lung 

fibroblast foci 

dense fibrosis 

pleura Peripheral involvement 



From “bronchiolar Dysplasia to carcinoma in IPF/UIP 

Abnormal stem (basal) 

cells 

WNT-abnormal 
activation 

Intestinal - type 
adenocarcinoma  

Squamous carcinoma 

Goblet-
metaplasia 

m-BAC 

adenocarcinoma  



from Erinyes (Ἐρῑνύες) “furiae” to  

Eumenides (Εὐμενίδες) "Kindly Ones")  



2014 





Eur Respir Rev. 2014 Jun;23(132):193-214 






